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HANDLING SEED CORN - FIELD TO STORAGE
Z. A. Stanfield
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The Short Course for Seedsmen here at Mississippi State Uni versity
has been very helpful to t he representatives of our company who have
attended these meetings t hroughout the 27 year history of the Short
Course. The effect has been beneficial in hel ping to maintai n high
quality seed supplies. One example is the more wi despread use of controlled atmosphere storage in the past 10 years in the Corn Belt . Al so,
the work here has helped to create the awareness of the value of high
quality seed.
Our work in engineering services in our company is concerned with
design, equipment selection, construction supervision and general
engineering work. We work i n process design with standards set up by
the Quality Control group, who manage the selection of standards and
procedures related to seed quality and they have personnel at all
facilities who monitor and detect deviations from standards . We work
with other standards set by area managers, environmental agencies , OSHA,
the insurance company, and the return on investment standards set by
owners of the company (Figure 1).
Our goal is to protect the genetic potential of the seed (as far as
I know we cannot improve upon it with equipment) by recommending designs, equipment, and procedures which can be operated profitably to
protect this potential.
Harvest To Bulk Storage
This part of the operation involves picking the ears, hauling to
the plant site, unloading, husking and husk disposal, sorting, drying,
cooling, shelling, cleaning, and storing in bulk. All of the steps in
the operation after picking normally are carried out in the plant facility. Some fiel d sorting is done, as in parent or foundation stock
operations or in special situations, but nearly all commerc ia l seed
companies have converted or are converting to in-plant sorting.
!!senior Engineer, Funk Seed International, A Company of the CibaGeigy Corp., Bloomington, IL. Talk presented at the 1979 Short Course,
but reproduced in this 1980 proceedings because of space limitations .
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There is a very short period of time avai l abl e for these steps in
the areas where most of the seed corn is produced. This time period is
between the date of maturity of the seed and the selected killing frost
date. I use the term 11 Selected 11 because it is here that the seedsman
must make a decision on what date he wishes to complete harvest. This
date will determine the required capacity of the equipment and the
investment cost.
Table 1 gives some data which can be useful in this decision in a
Central Illinois location and for comparison in an Iowa location. In
Central Illinois the median (1:1) killing frost date is October 20.
Half of the killing frosts have occurred before October 20 and half
after October 20. The date which has only one-fourth of the killing
frosts occurring before it and three-fourths after it is October 10.
This is the 1:3 date. The value of the amount of seed in the field in
the 10 day period between these two dates is a measure of the risk
involved. The investment in additional dryer capacity is one measure of
protecting against this risk. Another benefit of earlier finish is to
recover on the ear the seed which would not be shelled inadvertently in
picking, husking and handling at the higher moisture contents but which
would have been lost when picking at l ower moisture contents. Seed
shelled off during picking and husking generally is not recoverable as
seed . These factors have led many seedsmen to consider adding to drying
capacity or building new plants with these factors in mind due to the
ever increasing cost of inventory.
The time of one cycle is a very important factor. I am talking
here about the time for one kernel to go from field to bulk storage. As
shown in Table 1, the difference between a 4-day cycle and a 5-day cycle
using the 1:3 frost date is a saving of 9,000 bushels of fill capacity
or about $270,000 at $30 per bushel of fill investment cost. The seedsman can keep his cycl e time to a min imum by selection of adequate equipment from harvest to bulk storage and by careful planning and control.
One way to improve on cycle time is to analyze your steps in this cycle.
We have used a chart system at each location with the data kept during
harvest . Table 2 shows typical data and how a 5-day cycle may be converted to a 4-day cycle. The time data have been useful in pointing out
problem areas and leading to corrections. Increasing air flow, improving drying temperature control, and improving sorting and harvest
procedures and equipment have been some items leading to improvement.
Keeping the time charts has made area supervisors more aware of the
importance of controlling each step.
Some items which can keep cycle time low are (1) harvest one hybrid
at a time per dryer-sheller system as much as practical because this
procedure reduces required clean-out time of bins and equipment; (2)
follow a pl an to have a bulk storage bin for each batch empty and ready
before it is needed so that all dryer bins may be shelled out promptly.

~

Table 1.

Effect of killing frost date on capacity required.

Starting Date

Central
I 11 i noi s
Sept. 1

Central
I 11 i noi s
Sept . 1

Central
Iowa
Sept. 1

Ki 11 i ng Frost

1:3 Oct. 10

1:1 Oct. 20

1:3 Oct. 2

Calendar Days

39

49

31

5

6

4

4
9

5

IT

7

30

38

24

Off

Da~

Sundays
Rain Days
Harvest Days
Harvest Dryer Cycle, days
Dryer Fi 11 s
Bushels to Dry
One-fill Capacity

4
7.5

5

6

250,000
33,000

4
9.5

4

4

5

7.6

6

4.8

250,000

250,000
42,000

26,000

3

33,000

42,000

52,000

Table 2.

Cycle time analysis.
Time, Hrs.

Cycle
4-day

Cycle
5-day

11

19

2

10

72

80

Cooling

1

1

Waiting to shell

8

8

2
96

2
120

Activity

Waiting to fill
Filling dryer bin (sorting)
Drying

Shelling and cleaning

(J'1
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The equipment for husking and sorting genera ll y is contained in a
building with the dump pits outside. The truck loads of green corn are
weighed and sampled. These weights and sample analyses are used in
determining grower payments depending upon terms of the contract .
The New Idea husking beds are mou nted inside and the unhusked ears
are distributed to each bed at a rate of between 100 and 200 bushels per
hour. Two methods of distribution are used. One is a bel t with plowoff bars and one is to use bi ns with live-bottoms to feed each husker.
The system using vibrating bins gives more accurate control of feed but
is more expensive than the plow-bar belt system . We use both systems.
Where more than one row of huskers i s being used, the bi n system probably should be considered since it wou ld require less attention .
The sorting work is done manually and usually be temporary, seasonal labor. The moving bel t shou ld operate at a speed slow enough (no
faster than 75 feet per minute) for the sorting crews to observe the
corn ears and select the ears for discard. Unhusked or partially husked
ears are returned by conveyor to the husking bed. This is important to
prevent husks from enteri ng the drying bins and preventing uniform
drying. The percentage of outcrosses or off-types for sel ection generally is known in advance of sorting and sometimes a typical discard
ear is hung above the bed to remind the operators of what they are
removing. Good l i ght (about 80-100 foot candles) is needed at table
height .
The husks, discard ears, and kernels shelled during these operations are generally conveyed together to a truck for removal from the
plant site. Sometimes the mixtu re i s chopped using a silage chopper
before loading. The mixture's feed value determines the sel l ing price,
usually to a cattle feeder in the loca l area.
The cl ean ears are
must be taken in design
on the ears. Speeds of
approximately) are used
cleats are available.

conveyed to the drying bins for drying. Care
and operation to prevent damage to the kernels
100 to 150 feet per minute with low angles (11°
or conveyors with more incline (350-40 ) with

The drying of seed corn on the ear is a batch process. A bin for
the corn is provided with a perforated floo r. Heated air is passed
using blowers or fans through the seed corn to remove moisture from the
seed. The moisture thus removed is carried away with the air . Figures
2 and 3 show several arrangements in use.
The air serves two functions: (1) to heat the seed corn to raise
the vapor pressure of moisture above the corn surfaces, and (2) to pick
up moisture vapor from the corn and transport it away, usually being
exhausted to atmosphere. To some degree this exhaust air may be reheated and reused to increase thermal efficiency and some seed corn
dryers are operated in this manner when the exhaust air temperature is
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considerably above the ambient ai r temperature. The amount of air
recirculated must be control led to prevent decreasing drying rate.
The rate of drying of seed corn in air is dependent on the difference in the concentration of water vapor above the corn and the concentration of water vapor in the surrounding air. Water vapor f lows from a
place of higher concentration to a place of lower concentration. The
greater the difference, the more rapid is the rate of drying for a given
set of conditions. However , the maximum rate of evaporation of water
from corn varies a great deal with the moisture content and appears to
vary from 0.5 pounds per hour per bushel at 35% moisture down to 0.1
pounds per hour per bushel at 13%moisture under conditions of seed corn
drying. There must be enough air flow to remove this moisture.
Figure 4 shows the amount of water air will ho ld as vapor at various temperatu res . For example, at 70F, a pound of air will only hold
112 grai ns (there are 7,000 grains in one pound) of water vapor and no
more and is said to be saturated. If at 70F the air had only 56 grains
per pound of air (about 13.3 cubic feet), the air would contain only
half of the amount it could hold. In terms of percentage rel ative
humidity, the relative humidity would be 50 percent . At 112 grains and
70F, the relati ve humidity is 100%.
The water vapor concentration above the corn, the water vapor concentration of the air, the temperature of the air, the temperature of
the corn , and the moisture content of the corn can be followed in each
step of the drying process using the moisture chart of Figure 4. The
dashed lines represent the equilibrium water vapor concentrations above
corn at several moisture contents. These data were taken from the
published equilibrium moisture data for corn and placed on a psychrometric chart for air and water . We can analyze the operation of various
concentrations of water vapor i n the air above the corn to create a good
potential of driving force to transfer water from the corn to the surrounding air which has a lower concentration of water vapor. Efficient
and reasonably ra pid drying is done when a good potential is maintained
throughout the drying process.
The direction of flow of air usually is reversed midway through the
process to result in a uniform moisture content through the bed. Without reversing the air, we have found it necessary to keep the bed depth
in ear corn to four feet to hold the moisture difference below 2%which
is desirable to prevent excessive shelling damage. This reversal is
accomplished by opening and closing doors in the plenum tunnels in
building dryers, or in a bin dryer it is done with a duct outside the
dryer . In a two tunnel building dryer the cool , damp air is used to dry
the wetter corn. In thi s case, care must be taken to provide enough air
flow to ma intain a good water vapor driving force on this air pass and
sufficient fan horsepower (200 HP is not uncommon) to ma intain high air
flows through the pressure required, sometimes in excess of 6 inches of
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water column (30 PSF). The single tunnel type of building dryer can be
designed to reduce the extent of these problems.
The backward curve centrifugal fan and the vaneaxial fan are the
two commonly used types of fans in seed corn drying. In building
dryers, two or more fans are installed for each plenum so that fans can
be turned off when all bins fed by the plenum are not being used for
drying to save fuel and electricity. The burners usually are set on the
suction side of the fan for better temperature uniformity.
Individual bin dryers have the advantage of low pressure requirement and one fan per bin which can be turned off when the bin is not
being used for drying, resulting in low fuel and el ectricity cost. To
facilitate loadout, sloping floors or sweep augers are used. One design
uses a cone floor with vibrator for rapid unloading and uses a revo lving
motor-driven chute for uniform loading.
Horsepower requirements vary considerably per 1000 fill bushels and
heat requirements vary from 50,000 to 150,000 BTU per bushel dried.
(The term "bushel" in the seed corn industry refers to a shelled bushel
of 1.25 cubic feet of shel l ed corn. The volume of ear corn to get this
bushel is from 3.3 cubic feet, 30%moisture, to 2.5 cubic feet, 12%
moisture, and fans, bins, and conveyors should be designed keeping this
in mind . ) Designs for low fue l and horsepower requirement will be
important from now on into the future as electricity and heat sources
become more expensive .
The predominant fue l used to dry seed corn is natural gas. I am
surprised that I can say that in 1979 because several gas suppliers for
our company told me in 1975 to plan for alternate fuels because natural
gas probably would not be available to dry seed in 1978 and thereafter.
We, therefore, embarked upon a program and i nsta ll ed propane tanks at
most locations. Also, we built a cob burning facil ity and used the heat
from burning cobs to dry seed. We have stopped this type of work
because now there is an adequate supply of natural gas at all of our
locations. However, research work is continuing in the industry to
develop methods of using cobs as fuel to dry seed . In addition, there
is a need to develop drying systems which use less heat per bushel to
offset the possible high expense of the alternate fuel systems.
Cooling of the dried ear corn to within a few degrees of ambient
air temperature prior to shelling may be done by turning off the burner
at the end of the dryer cycle and blowing ambient air over the corn for
0.5 to 1.0 hour. This practice reduces the energy required in later
aeration cooling in bulk storage.
A recent survey revealed that there were about a dozen different
types of shellers in use for seed corn. One of the major types is the
knobbed cone or Union Iron Works sheller . We use this sheller modified
~y grinding or rounding of sharp corners on the knobs and slowing the
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sheller down to 240 r.p.m. A feed bin is provided over the sheller,
sometimes with a vibrator feeder. The important factor is to keep the
shell er ful l of corn during operation to minimize kernel damage. Some
companies modify commerci al shellers for seed operation .
To develop shelling systems which result in less seed damage, our
company's Operations and Production Research group worked in 1978 with
Sperry New Holland to set up the shelling unit from the TR-70 combine
for stationary use in one of our seed corn facilities. The results were
favorable enough to move ahead with additional testing.
The capacities of the related conveying systems for corn and cobs
must be large enough to allow for the shell er to run full. The dust
generated during shel l ing is the point of the greatest rate of dust
production in a seed corn plant. Both cyclone collectors and bag houses
are used to col l ect his dust. Cob conveying is done with cob blowers
(wood chip blowers) or bucket elevators and conveyors. Cobs are trucked
from the plant. A large amount of the industry's cobs are used to make
furfural at Memphis.
Before conveying to bulk storage, the seed from the shel ler should
be cleaned thoroughly to prevent excessive dusting during later on in
the process. In a typical installation, an air-screen cleaner fed at
1, 200 bushels per hour directly from the sheller removes dust and trash
and separates the plus 26/64 fraction and most of the minus 16/64 fraction prior to going to bulk storage .
Seed is conveyed to bulk storage bins where aeration with ambient
air or controlled temperature air is provided to prevent quality deterioration and loss of moisture. If the seed is allowed to remain warm
(80-90) in bulk storage , the water vapor concentration will be so much
higher around the warm seed than it i s in the surrounding air that
moisture vapor will flow to the surface, drying out the seed and sometimes condensing and forming crusts on the surface.
The required bulk storage capacity will depend upon the number of
hybrids , the volume of seed, and the degree to which the sizing operation wi ll be conducted during harvest. Some plants have bulk storage
capacity for 100% of the dryer capacity . Some will have capacity for
only 30% of the dryer capacity . In the latter case , sizing starts when
the first batch comes from the dryers.
Outside steel bins with cone bottoms for rapid unloading are
popular. Build ings designed for bulk storage with compartments with
sloping floors are available. Bulk bins, both permanent and moveable,
are placed inside the warehouse building in the area which is unused
during the fall of the year. This is called a "dual-purpose" warehouse,
since the same space may be used to store bagged seed later in the year.
Some economy in construction cost is realized with dual-purpose storage.

